H ospital acquired (nosocomial) infections are a major source of morbidity and mortality for patients. The most representative data have been provided by the Centers for Disease Control (CDC) via its National Nosocomial Infection Surveillance System. The 1984 data revealed that 2.2% to 4.1% of hospitalized persons developed a nosocomial infection (Horn, 1985) . Because of the importance of nosocomial infections, all hospitals should have an infection control program with the goal to minimize the risks of transmission of infectious agents between patients, and between patients and staff An effective employee health program is critical in providing appropriate infection control. The employee health program should include: prejob placement screening and periodic health status reassessment of personnel; appropriate immunizations; post exposure prophylaxis following exposure to certain infectious agents; evaluation of ill employees who might transmit infectious agents, with a policy of work restriction or exclusion when appropriate; and counseling pregnant women regarding potential health hazards (Williams, 1983; Patterson, 1985; Votra, 1983) .
PRE-JOB PLACEMENT
SCREENING All health care providers including physicians; nurses; students (i.e., interns, residents, nursing students, etc.); support staff in departments
All hospitals should have an infection control program with the goal to minimize the risks of transmission of infectious agents between patients, and between patients and staff.
such as dietary, physical therapy, occupational therapy, respiratory therapy, radiology, laboratory, phlebotomy, and pharmacy; and volunteers should have an initial health screening evaluation. This evaluation should include a history and physical examination designed to ensure that employees or prospective employees are physically and mentally capable of carrying out their jobs. This examination should be also designed to elicit problems that place the employees at increased infection risk, such as physical limitations, allergies, or an immunocompromised state.
Second, an immunization record should list all immunizations including date received, type of vaccine, dose, route, and site of administration. Written confirmation of the data by the applicant's caregiver should be required.
Finally, all persons who have not had either a documented positive tuberculin test (i.e., PPO) or clinical tuberculosis should have an intermediate strength (5 TU) PPO placed on the volar aspect of the forearm (Williams, 1983) . This test should be read by employee health service personnel at 48 to 72 hours.
Persons who have had BCG immunization also should be tested, but the initial test should employ a low strength (1 TU) PPO followed by an intermediate strength PPO if the initial test is non-reactive. Persons with an undocumented history of a positive PPO but who recall a reaction should be tested with a low strength PPO followed by an intermediate strength PPO if the initial test is non-reactive (see section on Tuberculosis). Persons with a documented positive PPO or a history of clinical tuberculosis who have not received adequate prophylaxis or therapy should be evaluated for active tuberculosis prior to assuming their duties.
The pre-job placement screening also provides an excellent opportunity for educating prospective employees about hospital policies, providing individual health promotion, providing realistic estimates of occupational risks, and emphasizing infection control techniques that reduce the risk of acquiring infectious diseases. ACIP recommendations (1990); CDC recommendations (1989). the American College of Physicians (1990) , American Academy of Pediatrics (1990) , and the Advisory Committee for Immunization Practice (ACIP) of the U.S. Department of Health and Human Services (CDC, 1990) . Unless medically contraindicated, all health care personnel should meet current guidelines for immunization against mumps, measles, rubella, and diphtheria-tetanus (Table 1) (Williams, 1989) .
Health care workers with exposure to blood or body fluids should be immunized against hepatitis B virus (HBV). Yearly influenza immunization is recommended. Health care workers in close contact with patients who might be excreting polio virus should be immune to poliomyelitis prior to exposure.
Laboratory workers who work with stool also should be immune to poliomyelitis. Those who have completed a pnmary course of immunization previously and now will be at increased risk of exposure may be given an additional dose of inactivated polio virus vaccine (lPV) or oral polio virus vaccine (OPV) (Beneson, 1985) .
Health care personnel may not receive appropriate immunizations because of misconceptions about vaccine contraindications. The following are not considered contraindi-cations to vaccination (CDC, 1989b): 1. Reaction to a previous vaccination consisting only of mild to moderate local tenderness, redness and/or swelling, or fever less than 40.S oC. 2. Mild acute upper respiratory or gastrointestinal illness with a fever less than 38°C. 3. Current antimicrobial therapy or convalescence from a recent illness. 4. Pregnancy in another household contact. S. Recent exposure to an infectious disease. 6. Breast feeding. 7. Personal history of allergies, including allergy to penicillin or other antibiotics; however, contraindications would include anaphylactic reactions to neomycin (e.g., in the combined measles, mumps, and rubella vaccine) or to streptomycin (e.g., in the oral polio vaccine). 8. Family history of allergies, adverse reactions to vaccination, or seizures.
In general, live attenuated vaccines (mumps, measles, rubella, polio) should not be given to persons who are significantly immunocompromised i.e., hematologic malignancies, solid organ transplant recipients, or congenital immunodeficiencies (American College of Physicians, 1990 ; American Academy of Pediatrics, 1990) . In these persons killed virus polio vaccine should be substituted for live attenuated vaccine. Whether use of mumps, measles, rubella vaccine is appropriate for non-immunized adults infected with human immunodeficiency virus (HIV) is unclear. In the event of an outbreak of illness, the CDC should be consulted.
The following disorders are not considered contraindications to immunization: asplenic disorders not related to malignancy, alcoholism, renal failure, diabetes mellitus, and cirrhosis. However, the efficacy of immunization in immunocompromised adults or persons with serious organ dysfunction may be reduced significantly.
Because of a theoretical risk to the fetus, live attenuated vaccine (mumps, measles, rubella, polio) An estimated 12,000 American health care workers whose jobs entail exposure to blood become infected with HBV each year.
generally should not be given to pregnant women or those who are likely to become pregnant within 3 months (CDC, 1989d) . The indications for using immune globulin, intravenous immune globulin, and specific immune globulins (e.g., tetanus immune globulin, hepatitis B immune globulin) in pregnant women are the same as those for nonpregnant women. These preparations are safe and without added risk for adverse reactions.
ANNUAL SCREENING The authors encourage annual infectious disease screening and immunization review. The screening can be used to update personnel on changes in hospital policies, detect health problems that may interfere with job performance, provide standard routine screening tests (e.g., blood pressure check), evaluate employees for PPD conversion, and provide immunization boosters at indicated intervals (e.g., tetanus-diphtheria toxoid, influenza vaccine).
The employee health service must individually evaluate the cost effectiveness and need for providing all these services during annual screening evaluations. The CDC suggests that hospitals individually determine the need for repeat skin testing by considering the prevalence of untreated tuberculosis in the community, in the institution, and among personnel.
One group of investigators recommends that annual PPD tests of employees be conducted only if the hospital is situated in a county with an incidence of tuberculosis greater Hoffmann et al than the national average (in 19S6) of 9.3 cases per 100,000 population, or if the hospital has a conversion rate greater than 1.5 cases per 500 employees (Price, 1987) . Hospitals with less than 500 employees should combine data from previous years. Post exposure screening for tuberculosis should always be part of the employee health service routine.
RISK OF ACQUIRING AN
INFECTIOUS AGENT The risk of acquiring an infectious agent depends on the virulence, infectivity, and pathogenicity of the infectious agent; the host susceptibility; and the transmission route for acquisition. Transmission of pathogens may occur by one or more routes: airborne, common vehicle, contact, or vector borne .
Airborne transmission means organisms have a true airborne phase as part of their pattern of dissemination. In common vehicle spread, a contaminated inanimate vehicle transmits the infectious agent to multiple persons. Common vehicles may include ingested food or water, medical instruments used for invasive procedures, or infused products such as medications or intravenous fluids.
In contact spread, the individual has had contact with a source that is either direct, indirect, or droplet. Indirect contact spread requires an intermediate object, which is usually inanimate (e.g., endoscopes, thermometers), to transmit the pathogen from the source to the patient or employee. Direct contact occurs when actual physical contact occurs between the source and the victim. Droplet spread refers to the brief passage of the pathogen through the air when the source and the patients are within a few feet of each other. Vector borne nosocomial infections have not been reported in the U.S.
BLOODBORNE DISEASE
Acquisition of blood borne pathogens, most commonly via percutaneous injury with a contaminated needle, is of major concern to health care workers. More than 20 diseases have been transmitted in the hospital setting by needlesticks including HIV-1, hepatitis B, hepatitis C, syphilis, and malaria (Jagger, 1988) . Prevention of transmission in the hospital setting of these agents requires strict adherence to universal blood and body fluid precautions (CDC, 1987a; , use of proper techniques for obtaining blood and disposing of needles and sharps, and immunization of hospital personnel with significant exposure to blood or body fluids with the hepatitis B vaccine (CDC, 1989c; Henderson, 1988) .
Human Immunodeficiency Virus
Since its recognition in 1981, the acquired immunodeficiency syndrome (AIDS) has become a major public health problem. An estimated 1 million Americans currently are infected with HIV-l, the causative agent of AIDS. As of July 1, 1990, a total of 139,064 cases of AIDS in the United States had been reported to the CDC (CDC, 1990a). Predicted numbers of new AIDS cases are 53,000 in 1990, 61,000 in 1991, and 67,000 in 1992 (Gail, 1990) .
Although the seroprevalence of HIV-l infection in the general population is unknown, the seroprevalence of HIV-l has been determined for selected subpopulations (CDC, 1989a) : civilian applicants for military service, 0.14% (1985) (1986) (1987) (1988) ; Job Corps entrants, 0.41%; first time blood donors, 0.042% (1985) (1986) (1987) (1988) ; sentinel hospital patients, 0.12% to 0.80% (median 0.24%); and newborn blood, 0 to 3.6%. With the current endemic rate of HIV-l infection, it is not surprising that health care workers may be exposed to HIV-l infected patients or contaminated blood despite the labeling of known infected patients with blood and body fluid precautions.
Among 506 patient specimens submitted to a hospital laboratory at an urban teaching hospital in Seattle, hepatitis B surface antigen was present in 6.3%, anti-HfV-I in 3.0%, and either of these in 8.7% (Handsfield, 1987) . Among unlabeled specimens, While the risk of health care workers' acquiring tuberculosis is lower today than before the introduction of effective chemotherapy, it is still significant.
HIV-l antibody or hepatitis B surface antigen or both were present in 5.7%. Studies in 1986 and 1987 in an inner-city hospital in Baltimore revealed 3.0% and 4.0%, respectively, of all patients presenting to the emergency room without a history of HIV-l infection were, in fact, seropositive (Baker, 1987; Kelen, 1988) .
The CDC recently published results from an 18 month study involving 89,547 specimens tested anonymously at 26 hospitals in 21 cities. The overall rate of HIV-l seroprevalence was 1.3%; however, the over 70 fold range was dramatic, from 0.1% to 7.8% (St. Louis, 1991) . These studies emphasize the need for handling all blood specimens and treating all patients as if infected with transmissible agents such as HIV-l and HBY.
Approximately 25 health care providers may have acquired HIV-l infection through occupational exposure (Henderson, 1990a) . Most workers experienced needlestick injuries, but mucous membrane or non-intact skin contamination also were noted. The magnitude of risk of acquiring HIV-l infection following direct exposure to contaminated body fluids can be estimated by combining the results of ongoing prospective studies (Weber, 1989a) . In these studies, six of 1,404 health care workers seroconverted following parenteral injury via a needlestick or a sharp object for a risk of 0.40% per exposure or 0.43% per person. None of 746 exposures involving contamination of a mucous membrane or non-intact skin resulted in seroconversion, yielding a total risk of less than 0.13% per exposure.
The later stages of HIV-l infection are characterized by an increased prevalence of a variety of infections, many of which are incorporated into the CDC Control Case Definition of AIDS (CDC, 1987b) . Most infectious agents associated with HIV-l infection, such as Toxoplasmosis gondii, Mycobacterium aoium complex, Cryptococcus neoformans, and Pneumocystiscarinii, are not believed to represent a nosocomial hazard. However, a variety of infectious agents associated with HIV-l infection may pose a nosocomial hazard to other patients or staff (Table   2 ).
Special vigilance is required to ensure proper precautions are employed, as persons with cutaneous infections due to herpes zoster, herpes simplex, and Treponemapallidum may present with unusual manifestations, such as an atypical clinical appearance or prolonged duration. Of special note is the high incidence of tuberculosis, 5% to 10%, among HIV-l infected persons. In a majority of cases, clinical tuberculosis precedes the development of AIDS by a median of 8 to 10 months (Weber, 1989a) . Delays in diagnosis and institution of respiratory precautions may occur because the presentation of tuberculosis is characterized by a higher likelihood of anergy, demonstrated by negative smears and cultures using expectorated sputum, and an atypical chest radiographic appearance.
Post-exposure prophylaxis with zidovudine (AZT) following parenteral exposure to HIV-l infection has been suggested (Henderson, 1990b) . A definitive recommendation cannot be made at this time, as the efficacy and safety of this treatment modality have not been determined (CDC, 1990c) . Recent case reports detail the lack of efficacy for prophylactic administration of zidovudine (Lange, 1990; Looke, 1990) .
Hepatitis B
In 1987, the CDC estimated the
Hoffmann et al
Adapted from Weber and Rutala, 1989 . Reprinted with permission. Services, 1989; CDC, 1990b ).
An estimated 12,000 American health care workers whose jobs entail exposure to blood become infected with HBV each year; approximately 500 to 600 require hospitalization as a result of that infection; and about 250 will die (CDC, 1989d) . Hepatitis B surface antigen (HBsAg) has been detected in a variety of body fluids, including blood and blood products, cord blood, tears, saliva, semen, breast milk, feces, urine, vaginal secretions, cerebrospinal fluid, and synovial fluid (Weber, 1989b) .
Like HIV-l, HBV is spread through exposure to body fluids by the parenteral route (transfusions of blood or blood products, sharing contaminated needles or syringes, tattooing, and hemodialysis), sexual contact, or vertical transmission from an infected mother to her infant. Percutaneous exposure to blood via a needlestick injury has been reported to lead to HBV infection, despite the use of immune globulin preparations, in approximately 10% of health care workers if the source was HBsAg positive and in 19% to 27% of recipients if the source was hepatitis B "e" antigen positive (Seeff, 1978; Werner, 1982) .
HBV is relatively stable in the environment, as demonstrated by its survival after drying and storage at 25°C and 42% relative humidity for 1 week (Bond, 1981) . Not surprisingly, indirect transmission has been reported between persons due to blood contaminated instruments or other objects. Infection has been associated with a blood contaminated jet gun injector (CDC, 1986) , endoscopes (Birnie, 1983; Morris, 1975 multi-dose heparin vial (Oren, 1989) , and an auto-let used to obtain a finger stick glucose (CDC, 1990f) . Environmental surfaces in clinical microbiology laboratories are positive frequently (34%) for HBsAg (Lauer, 1979) and contaminated file cards have been reported to transmit the virus to laboratory technicians (Pattison, 1974) . Health care personnel with acute HBV infection or who are asymptomatically HBsAg positive appear to be at low risk for transmitting HBV to their patients (Alter, 1975) . However, occasionally HBsAg positive physicians (Grob, 1981; 1975) , dentists (Levin, 1974; Hadler, 1981) , oral surgeons (CDC, 1987c; Rimland, 1977) , obstetricians (Lettau, 1986) , and nurses (Garibaldi, 1972) , have been implicated in the transmission of HBV to multiple patients.
Prevention of hepatitis B requires adhering to universal precautions, using hepatitis B vaccine, and providing appropriate post exposure prophylaxis (CDC, 1989b; CDC, 1990b (Weber, 1989b) .
Hepatitis C
At least two distinct agents have been associated with parenterally transmitted non-A non-B hepatitis (NANB). The first agent (hepatitis C) has been cloned, and a serologic test developed Miyamura, 1990) . A majority of transfusion related cases of NANB appear to be due to hepatitis C Esterban, 1989; van der Poel, 1989; Sansoono, 1989) . Antihepatitis C has been found in 0.7% to 1.4% of blood donors from New York (Stevens, 1990) and other countries (Cash, 1989; janet, 1989; Sirchia, 1989) . Currently all blood donors in the United States are screened for the presence of hepatitis C and if positive, eliminated from the donor pool. The magnitude of the risk of developing hepatitis C following a contaminated needlestick has not been assessed. The second agent causing parenteral NANB hepatitis has not been well characterized.
Health care workers parenterally exposed to patients with hepatitis C may be screened with the new serologic test. However, this test may not detect infection until after serveral weeks to months. The efficacy of post exposure prophylaxis with immune serum globulin is unknown.
Cytomegalovirus
A member of the herpes virus family, cytomegalovirus (CMV) rarely causes diseases in immunologically normal persons. However, it contributes significantly to the morbidity and mortality of immunocompromised persons, and is also the most common congenital viral pathogen in the United States (Gerberding, 1989; Pomery, 1987) . Prevalence ranges from 30% to 40% in middle-class communities to nearly 100% in lower socioeconomic urban groups.
Infection may be transmitted from mothers to their offspring transplacentally or during the intrapartum or postpartum period. Household contact with infants or young children and sexual contact with infected partners may lead to acquisition of CMY. The most important sources of transmission in the hospital are blood transfusion and organ transplantation (Tolpin, 1985; Adler, 1986) . Horizontal transmission of CMV between hospitalized infants is uncommon but has been demonstrated (Spector, 1983) .
One to 2% of newborn infants, more than 10% of hospitalized children, and approximately 2% of hospitalized adults excrete CMV (Gerberding, 1989; Pomery, 1987) . In transplant recipients and patients with AIDS, CMV can be cultured from 40% to 80% of urine and saliva specimens. Despite the potential for exposure to CMY, hospital personnel appear to be at negligible risk for nosocomial acquisition.
Most (Ahlfors, 1981; Balfour, 1986; Dworsky, 1983; Tolkoff-Rubin, 1978; Balcarek, 1990) but not all (Friedman, 1984; Haneberg, 1980; Yeager, 1975) . studies of health care personnel have failed to demonstrate nosocomial transmission. Additionally, studies utilizing restriction enzyme analysis have consistently failed to demonstrate nosocomial transmission between patients and staff (Adler, 1986; Demmler, 1987; Yow, 1983; Wilfert, 1982) . Routine measures, such as handwashing, appear sufficient to prevent transmission of CMV between patients and staff
No post exposure prophylaxis measures have been shown to be effective.
RESPIRATORY AND DROPLET
TRANSMITTED DISEASES Nosocomial infection due to airborne transmission of an infectious agent has been documented for relatively few pathogens (Table 3) . Hospitalized patients may be infected with pathogens that have either an animate or inanimate reservoir (i.e., Legionelia sp., Aspergillus sp., Rhizopus sp., and Pseudomonas), but employees with an in-tact immune system are at risk only for acquiring infections directly by inhalation from other employees or patients.
Tuberculosis
Tuberculosis is a mycobacterial disease caused by M. tuberculosis, M. bovis, or M. africanum. In 1989 the number of tuberculosis cases reported to the CDC was 23,495 (CDC, 1990d) . Following many years of a declining incidence, the number of cases has recently increased. The CDC (1990) estimates that the number of persons with latent tubercular infections in the U.S. is between 10 and 15 million.
The prevalence of infection increases with age, and is higher among non-whites than whites, and among men than women (Weber, 1989c) . Subpopulations with a high prevalence of tubercular infection include: persons born in countries with endemic tuberculosis, patients infected with HIV-l, prisoners, residents of long-term care facilities, alcoholics, intravenous drug users, medically underserved low income populations, and close contacts of persons known or suspected to have tuberculosis (CDC, 1990d) .
Following infection, approximately 10% of individuals will develop clinical disease within 1 year. The remaining individuals will develop latent infection, manifest by skin test reactivity to purified protein derivative (PPD). Such persons may reactivate their latent infection as their immune system wanes with age or following immune suppression. Most infections occurring in later life are due to reactivation.
Humans are the only reservoir for Mycobacterium tuberculosis. Transmission is almost exclusively by the airborne route. However, rare cases of indirect transmission via contaminated medical instruments (i.e., bronchoscopes) have been reported. Persons with laryngeal tuberculosis, large draining intrapulmonary cavities, and frequent coughing are considered highly infectious.
While the risk of health care work-ers' acqumng tuberculosis is lower today than before the introduction of effective chemotherapy, it is still significant. The major risk is exposure to patients with unidentified tuberculosis who have not been placed on appropriate precautions (i.e., respiratory isolation in a negative pressure single room) and chemotherapy. This occurs most frequently with geriatric or HIV-l infected patients who have atypical presentations. Procedures such as sputum induction with hypertonic saline or treatment with aerosolized pentamidine may represent an important new risk (CDC, 1990d) . All health care workers exposed to a patient with active pulmonary tuberculosis and who did not use mask precautions should be evaluated by the employee health service within 7 days of exposure. If the employee has a history of a negative PPD, a baseline skin test should be performed and repeated at 3 months to determine conversion status. Tine tests are not an acceptable alternative to intradermal administration of PPD because they are less reproducible and less well standardized. Recent CDC recommendations for tuberculosis preventive therapy suggest that a health care worker with a positive tuberculin reaction greater than or equal to 50101, having had contact with a patient with tuberculosis, should be treated with Isoniazid (lNH) for 6 to 12 months and monitored monthly (CDC, 1990d) .
Varicella Zoster Virus
Varicella zoster virus (VZV) causes two diseases: varicella (chicken pox), the primary infection, and zoster (shingles), a secondary infection due to reactivation of latent VZv. Most Americans will have been infected with VZV by age 15. In normal children, varicella is generally a mild disease, although complications may occur occasionally. The frequency of complications is higher in infected neonates, pregnant women, and adults. About one third of persons who develop varicella, while undergoing chemotherapy for malignancy or immunosuppressive therapy after organ or bone marrow transplantation, experience visceral dissemination or severe disease. Approximately 10% of them die.
Susceptibility to VZV among hospital personnel ranges from 1.9% to 10%, although non-biased representative data are limited (Alter, 1986; Lievens, 1984; Morens, 1980; Murray, 1986; Steele, 1982) . A history of varicella in an individual is highly correlated with serologic evidence of prior VZV infection (Steele, 1982; Myers, 1982; Shehab, 1984) . Among hospital personnel with a negative or uncertain history of VZV infection, reported serosusceptibility has varied from 0.5% to 56%, with most studies yielding values of 10% to 30%. A history of prior household exposure to VZV is not a reliable indicator of immunity (Weber, 1988) .
Humans are the only known host of VZV. In most cases, VZV appears to be transmitted from person-toperson by the droplet route, and occurs most efficiently with close contact. Airborne transmission of VZV infection also may occur. The secondary attack rate of varicella among susceptibles in household settings has ranged between 61% and 87% (Weber, 1988) . Herpes zoster is also infectious, although analysis of household contacts suggests that the risk is only a third that of varicella. Nosocomial VZV exposure has led to varicella in 6% to 18% of susceptible stafE Nosocomial transmission of VZV infection is well described in the literature (Morens, 1980; Shehab, 1984; Leclair, 1980) . Nosocomial varicella has occurred among staff and patients who had no direct contact with the index case, supporting airborne transmission as a mode of spread. Exposure to derrnatornal or disseminated zoster has led to spread of varicella to hospital personnel. Since recent reports provide evidence that dermatomal zoster may be transmitted in the hospital via the airborne route, it is prudent to use strict isolation precautions in negative pressure rooms for patients with Hoffmann et al all forms of VZV infection.
All employees who have been exposed to persons with active VZV (chickenpox, shingles) infection should be evaluated by the employee health service. It is important to realize that persons with chickenpox become infectious 48 to 72 hours before the rash appears. Persons with a history of VZV infection are immune, but employees with a negative or uncertain history should be serologically tested for susceptibility. Serosusceptible personnel should be relieved from work (see Table 4 ). Authorities do not agree on the medical management of exposed serosusceptible adults. Some recommend varicella-immune-globulin (VZIG) for adults at high risk of developing serious complications of varicella (Beneson, 1985) , while others recommend VZIG for all serosusceptible adults following exposure (American Academy of Pediatrics, 1990) .
Pertussis
Pertussis (whooping cough) is a highly communicable infection of the respiratory tract caused by Bordetella pertussis. The number of cases of pertussis in the U.S. has increased in recent years. At risk groups include very young children who have not yet been immunized, young adults whose immunity has waned, and persons who have not been fully immunized (Beneson, 1985) . Transmission is mainly via the respiratory route (large droplet spread), although infection may occur from direct contact with respiratory secretions. Individuals are most infectious early in the course of their illness.
The disease may be difficult to diagnose because of the variable nature of its symptoms, especially in the winter. Children may present with vomiting and the whoop may not be appreciated. Adults may have mild disease and complain only of sniffles or persistent mild coughing (Robertson, 1978) .
Humans are the only known reservoir, and no carrier state has been described. The disease can be diagnosed best through a nasopharyngeal Until 7 days after the rash appears From the fifth through 21st day after exposure and/or 7 days after the rash appears Until 9 days after onset of parotitis From the 12th through the 26th day after exposure or until 9 days after onset of parotitis" specimen and culture on special media, direct fluorescent antibody testing (DFA), and DNA probe testing (Steketee, 1988) . Erythromycin attenuates or aborts the disease if given before the paroxysmal stage (American Academy of Pediatrics, 1990) . It also may be used for prophylaxis of individuals following very close contact with an infected individual. Trimethoprimsulfamethoxazole is a possible alternative for those who do not tolerate erythromycin.
Influenza
Influenza is an acute, usually self limited, febrile illness caused by infection with either influenza A or B virus. Outbreaks of varying severity occur almost every winter. Infection is transmitted primarily via small particle aerosols. Influenza viruses may survive for 24 to 48 hours on hard, nonporous surfaces and for up to 8 to 12 hours on cloth, paper and tissues. The virus has been shown to survive for up to 5 minutes on the hands after transfer from environmental surfaces (Graman, 1989) .
Nosocomial outbreaks of influenza are common in the winter months, reflecting the widespread activity of influenza in the community. The majority of outbreaks have been reported from chronic care facilities. Hospital outbreaks are typically explosive, occur over 1 to 4 weeks, and have attack rates of 25% to 80% among both personnel and patients. Infection with influenza A may result in significant morbidity and mortality among high risk persons (i.e., elderly persons or persons with chronic renal, pulmonary, cardiac, or metabolic diseases). Significant morbidity and absenteeism may occur among hospital personnel. Nosocomial outbreaks of influ-enza B may occur also, although the disease is generally less severe.
The most important preventive measure is immunization of all hospital personnel prior to the beginning of the winter viral disease season. During epidemics of influenza A, chemoprophylaxis of health care personnel with amatadine may help prevent additional nosocomial cases (Beneson, 1985) . Health care providers prescribing amatadine should be thoroughly familiar with its side effect profile and contraindications to usage. Amatadine is ineffective in preventing infections with influenza B virus.
Invasive Meningococcal Infections
Neisseria meningitidis, a gramnegative diplococcus, may cause meningitis, meningococcemia, or bacteremia without sepsis. Despite the availability of antibiotics, the mortality of meningococcal meningitis remains 8% to 10% (Apicella, 1990) . Transmission is probably via the respiratory route, most likely large droplets. Hospital personnel generally are not at increased risk and should receive chemoprophylaxis only following intimate exposure such as mouth-to-mouth resuscitation. Rifampin is the drug recommended for prophylaxis (Beneson, 1985) .
Childhood Viral Diseases: Mumps, Measles, Rubella
The classic viral diseases of childhood all are transmitted via the aerosol route and are highly contagious. Approximately 10% to 15% of young adults are susceptible to these disorders (Williams, 1989; Graman, 1989) . Despite the availability of vaccine, epidemics of all these diseases continue to occur. Nosocomial outbreaks of mumps, measles and rubella have been described. During recent measles epidemics, care in hospital emergency rooms was shown to be a risk factor for acquisition. Patients with the congenital rubella syndrome may transmit infection to their caregivers. Immune globulin can be used to prevent or modify measles in susceptible persons within 6 days of exposure (American Academy of Pediatrics, 1990 ). Its use is recommended in immunocompromised persons.
GASTROENTERIC PATHOGENS
Health care workers may acquire gastrointestinal pathogens from ingesting contaminated food or water, or from contact with an infected or colonized patient. Hospitals are a major site of risk for food borne epidemics. Several factors must be present for a food borne outbreak to occur: the food must become contaminated with pathogenic organisms or toxins, the food must be mishandled such that the organisms proliferate, and finally the food must be ingested by susceptible persons (Hughes, 1986) . Hospitalized patients are at much greater risk than employees for acquiring infection due to extremes of age, altered gas-tric acidity, antibiotic therapy, Immunosuppressive drug therapy, and severe underlying disorders.
A variety of gastrointestinal pathogens have been reported to cause nosocomial outbreaks, including hepatitis A, rotavirus, Norwalk-like agents, Bacillus cereus (food poisoning), Clostridium difficile, C. perfringens (food poisoning), E. coli, Salmonella sp., Shigella sp., Yersinia enterocolitica, and cryptosporidium (Weber, 1990) . Personnel using inadequate hygiene are at risk for acquiring infection with these pathogens through fecal-oral transmission. Foodborne outbreaks may involve hospital personnel (Baddour, 1979; Opal, 1989; Spitalny, 1984; CDC, 1979) . Although the entire spectrum of microbes and toxins capable of causing gastroenteritis may be responsible for hospital outbreaks, most food borne epidemics have been due to Salmonella sp., Staphylococcus aureus, or Clostridium perfringens.
Patient-to-patient transmission via the hands of hospital personnel, for example after contact with a child with diarrhea, is probably the most common mode of transmission of enteric pathogens in the hospital (Palmer, 1983) . Therefore, careful handwashing before and after each patient contact is the key to preventing cross-transmission, as well as protecting the employee from acquiring an enteric infection.
No specific prophylaxis is recommended for asymptomatic personnel exposed to enteric bacterial pathogens. Treatment may result in prolonged excretion and result in a chronic carrier state for Salmonella infections. Persons with potential exposure to foodborne hepatitis A can receive immune serum globulin (Beneson, 1985) .
EVALUATION OF ILL
EMPLOYEES All employees who have been exposed to an infectious agent should be evaluated by the employee health service. The evaluation would ascertain: the exact agent to which the employee claims to have been ex-posed; whether the type and intensity of exposure may have resulted in transmission of the infectious agent; the susceptibility of the health care worker; the need for relieving the health care worker from patient care during the incubation period; and the risks and benefits of prophylactic therapy, assuming such therapy is available. The employee health service should alert the hospital infection control department to institute isolation guidelines which prevent additional exposures, and to evaluate any other persons exposed.
Employees with a potentially communicable disease also should report to the employee health service. The clinical status of the employee should be determined. Employees with any disease should receive appropriate diagnostic studies and therapy. This may be done by the employee health service or by referral to an appropriate health care facility. The possibility of exposure to other hospital employees or patients also should be considered. Finally, if the employee places others in the environment at risk, appropriate work restrictions should be instituted (Table 4) (Williams, 1989) .
COUNSELING THE PREGNANT
EMPLOYEE Hospitals have a predominantly female work force, many of whom are in their childbearing years. Risk counseling is therefore an appropriate responsibility of the employee health service. Infections that are associated with the greatest risk of producing congenital infection are summarized in Table 5 (Votra, 1983) .
Rubella has the most significant implications for affecting the fetus, but other agents also should be considered, including measles, mumps, varicella, cytomegalovirus, poliovirus, coxsackievirus, echovirus, tuberculosis, hepatitis B, syphilis, and HIV-l. Infectious diseases possibly associated with an increased severity of illness, should they occur during late pregnancy, include hepatitis C, hepatitis non-A, non-B, and influenza (Sherertz, 1987) . The risks 
Determination of Immune Status
Past history of active immunization with live trivalent vaccine is sufficient evidence of immunity. Use of live trivalent vaccine has virtually eliminated epidemic poliomyelitis in the U.S. Non-immune adults may be given inactivated polio vaccine.
Not practical to perform.
Immunity (anti-HBs) is conferred through previous infection (HBs Ag-) or vaccination.
A positive tuberculin skin test is evidence of infection but does not necessarily indicate active disease. Also, in most cases the immunity that accompanies a skin test conversion is adequate to control the pulmonary nidus of infection.
Syphilis (Treponema pallidum)
Acquired Immunodeficiency/HIV Hepatitis C
Influenza (particularly A)
High risk of spontaneous abortion, stillbirth, or infected infant when untreated maternal infection occurs at anytime during pregnancy.
The changes recognized as congenital syphilis rarely occur before the 16th week of gestation.
Prospective studies indicate perinatal transmission rates range from 23% to 45%. Increased severity of disease during late third trimester has been demonstrated in a population of pregnant Indian females Primary influenza pneumonia, particularly in the third trimester, can be fatal
The development of natural immunity following disease is poorly understood.
Antibody test may be done to determine infective status.
Influenza A virus undergoes mutation (antigenic drift) on a regular basis. Immunity established in a previous year does not imply immunity in the current year. Also, vaccination affords only 80% protection.
Adapted from Votra (7983) with permission.
of transmission and prophylaxis available to employees from these infectious agents, previously described in this article, also apply to the pregnant individual. In general, all personnel, including the pregnant health care worker, should be adequately protected if they follow the CDC universal Blood and Body Fluid Precautions. Airborne diseases, however, do require additional precautions.
SUMMARY This article has presented information on infectious diseases which are significant in health care settings and which may be spread from patient to patient, patient to health care worker, and health care worker to patient. Prevention and prophylaxis, where appropriate, have been described.
The occupational health nurse and the employee health service have key roles in developing policies and implementing, managing, and evaluating prevention and treatment programs, as well as working closely with other departments which share responsibilities for the programs.
